Objective: The aim of this study was to report the final 3-year results from a surveillance study evaluating the safety, efficacy, and persistence of mirabegron for treating overactive bladder (OAB) symptoms.
chronic nature of OAB, sustained pharmacological therapy is required to achieve effective symptom control and positive health outcomes. 4 Maintenance of the efficacy and safety of mirabegron over a 1-year treatment period has been demonstrated in a Phase III study involving 204 Japanese patients with OAB symptoms. 11 However, mirabegron therapy is administered to a variety of patients in the realworld setting and prolonged treatment may be associated with specific cumulative or delayed unwanted events, or may have an additive effect on the incidence of adverse drug reactions (ADRs). There are also concerns that the continued effectiveness of OAB medication may be diminished because β-adrenoreceptors can potentially become desensitized after prolonged exposure to agonists. 12 If desensitization occurs, it can entail receptor protein phosphorylation, signaling pathway uncoupling, receptor internalization, and long-term gene expression regulation involving the receptor and signaling pathway proteins.
In addition to long-term safety and efficacy, patient persistence with OAB medication can substantially affect the therapeutic outcomes achieved. A previous report indicated that persistence with OAB medication is lower than with treatments used to treat other chronic diseases. 13 However, that study only evaluated the persistence with and adherence to antimuscarinic OAB therapy. Several studies conducted in Japan and elsewhere have suggested that increased persistence can be achieved with mirabegron than with antimuscarinic therapy. [14] [15] [16] [17] However, these studies only involved a maximum follow-up period of 1 year and did not investigate the reasons for treatment discontinuation.
Manufacturing and marketing authorization holders in Japan must perform post-marketing surveys on new drugs to enable the Ministry of Health, Labour, and Welfare (MHLW) to re-examine the efficacy and safety of the therapeutic for a specified period after marketing approval. The present study is 1 of the 4 post-marketing surveys that comprise the mirabegron surveillance program. 10, 18 This study was conducted to evaluate the safety, efficacy, and persistence data that were acquired following the long-term use of mirabegron to treat patients with OAB symptoms in the real-world setting.
The interim 1-year results from this study showed that OAB treatment with mirabegron was well tolerated and treatment effectiveness was maintained. 19 In addition, high mirabegron persistence was noted, which was greater in patients aged ≥65 years compared with those aged <65 years. This paper provides the final 3-year data from this study.
| METHODS
This study was conducted in accordance with the Good Postmarketing Study Practice (GPSP) standards of the MHLW. 20 
| Study design
The methodology used for this prospective investigation has been reported previously. 19 Briefly, patients were registered for the study during 2012 and 2013, and the study was conducted from October 2012 to September 2016. The study population comprised patients who received mirabegron for the treatment of urinary urgency, daytime frequency, and urgency urinary incontinence symptoms associated with OAB who had no previous mirabegron treatment history. The usual adult dose of mirabegron in Japan is 50 mg once daily after a meal. 21 The initial dose should be reduced to 25 mg once daily in patients with moderate hepatic function (Child-Pugh score 7-9) or severe renal impairment (estimated glomerular filtration rate 15-29 mL/min/1.73 m 2 ).
Internet-based patient registration and data collection were performed by the investigators using an electronic data capturing system.
| Study assessments
Patient characteristics were collected at the start of treatment. Mirabegron and concomitant medication (including OAB medication) use were analyzed during the study.
In terms of safety, ADRs (which included abnormal findings from laboratory or other tests) were collected during the entire study period.
An annual classification system was used to examine the ADR results that were obtained every 3 months (apart from the first 3 months of the study, for which data were stratified into <1-and ≥1 to <3-month intervals). An ADR was defined as an adverse event (AE) that was considered by the investigators to be either potentially related to mirabegron treatment or had an unknown relationship with mirabegron treatment.
Owing to the observational nature of the study, ADRs were analyzed rather than AEs, because the physicians may not have reported all the events that were unrelated to mirabegron treatment. Residual urine volume measurements were conducted at the start of treatment, after 3 and 6 months, and every 6 months thereafter (or at discontinuation).
For the efficacy analyses, Overactive Bladder Symptom Score (OABSS) was evaluated at the same time points as the residual urine volume assessments. Changes from baseline in OAB symptoms were investigated after 1, 2, and 3 years of treatment (or at discontinuation). Mirabegron treatment was subsequently judged to be "effective", "not effective", or "not assessable". A positive response to treatment (OAB disappearance) was defined as a reduction in the score for Question 3 on the OABSS to <2 points or total OABSS to <3 points. A minimal clinically important change (MCIC) was defined as an improvement in OABSS of ≥3 points from baseline. Changes in the number of patients with an MCIC over time were also assessed.
Treatment persistence rate was estimated using the Kaplan-Meier method. Using this technique, patients who stopped mirabegron treatment were defined as having a discontinuation event. Reasons for treatment discontinuation were collected and analyzed according to the time of the event. Conversely, patients who continued taking mirabegron during the study, were lost to follow-up, or did not complete the survey were censored at the final administration.
| Statistical analyses
The target registration cohort was 1000 patients to obtain a sample size of 300 patients who had an observation period of ≥1 year. The sample size was estimated to detect an ADR with a frequency of 1%, assuming a confidence level of 95%, in patients who received longterm mirabegron treatment. Approximately 30%-40% of the patients who started treatment were assumed to be receiving mirabegron after 52 weeks of therapy.
The safety analysis set consisted of patients without registration violations who received mirabegron and had ≥1 study visit after the initial receipt of medication. Patients diagnosed with OAB and who qualified for efficacy assessment according to the attending physicians were included in the efficacy analysis set. The OABSS analysis set consisted of patients who did not have major diseases or conditions that excluded an OAB diagnosis (abnormal bladder, perivesical abnormalities, abnormalities of the prostate or urethra, urinary tract or genital infections, urinary retention, polyuria, or psychogenic pollakiuria) 22 were diagnosed with OAB using the OABSS, and were evaluated at baseline and at the final assessment using the OABSS with no missing data.
All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). For the residual urine volume and OABSS efficacy assessments, changes from baseline at each time point were evaluated using Wilcoxon's signed-rank test. Using the log-rank test, treatment discontinuation was assessed according to age (≤64, 65-74, and ≥75 years), sex, and therapy status (monotherapy vs. combination therapy, which was defined as treatment with ≥1 OAB agent other than mirabegron during the study period). Significance was set at 2-sided P < 0.05. Adjustments for Type I error based on multiple hypothesis testing were not performed in this study.
3 | RESULTS
| Study population
Data were collected from 1252 patients who were recruited from 177 medical institutions. Of these, 1138 patients were included in both the safety and efficacy analysis sets and 493 patients were included in the OABSS analysis set (Figure 1 ). 
| Safety
In all, 97 (8.52%) patients experienced 109 ADRs during the study (Table 3 ). The highest incidence of ADRs was reported <1 month (27 patients; 2.37%), ≥3 to <6 months (16 patients; 1.99%), and ≥1 to Symptom Score (OABSS) for Question 3 was <2 points at baseline or whose total OABSS was <3 points at baseline. E Patients with abnormal bladder, including bladder cancer, bladder calculus, or interstitial cystitis (bladder pain syndrome), perivesical abnormalities (e.g. endometriosis), abnormalities of the prostate or urethra (prostate cancer or urethral calculus), urinary tract or genital infections (bacterial cystitis, prostatitis, or urethritis), or other conditions (urinary retention, polyuria, or psychogenic pollakiuria). 22 F Patients who were not treated using a daily dose of mirabegron 50 mg and not treated once daily. However, patients with moderate hepatic impairment, as determined by the Child-Pugh score and/or classification criteria for the severity of adverse drug reactions (ADRs), or patients with severe renal impairment, as determined by the classification criteria for severity of ADRs (estimated glomerular filtration rates were not known in the present study) who were not treated at an initial daily dose of mirabegron 25 mg were regarded as having a dosage deviation and were excluded from the analysis set <3 months (18 patients; 1.79%) after starting treatment. Using the annual classification system, the incidence of ADRs decreased over time (<1 year: 1.34%-2.37%; ≥1 and <2 years: 0.45%-1.60%;
and ≥2 and <3 years: 0.29%-1.10%). No cumulative events and no delayed specific ADRs were observed during the study.
The most common ADRs reported were constipation (19 patients;
1.67%), residual urine volume increased (14 patients; 1.23%), and dysuria (10 patients; 0.88%). Of the 109 ADRs reported, 7 serious ADRs were reported by 7 patients, all of whom were aged ≥65 years, namely rectal cancer, prostatitis, osteoporosis, breast cancer (female), urinary retention, gallbladder cancer, and anti-neutrophil cytoplasmic antibodypositive vasculitis. Only urinary retention was considered to be possibly related to mirabegron treatment; an unknown relationship was reported for the others.
At baseline, mean AESD residual urine volume was 19.531 AE 31.320 mL. In general, no significant changes in residual urine volume were observed during the course of the study (Figure 2 ). The only exceptions were the 2.5-and 3-year time points, at which residual urine volume had decreased significantly from baseline by a mean AESD of -6.605 AE 30.836 mL (P = 0.034) and -4.656 AE 27.041 mL (P = 0.026), respectively.
| Efficacy
Mirabegron was considered to be an effective treatment for 842 of 1082 (77.8%) patients at the final assessment using an efficacy rating judged by the investigators. In all, 279 of the 493 (56.6%) patients included in the OABSS analysis set achieved OAB disappearance. At the final assessment, 321 (65.1%) patients achieved an MCIC.
At baseline, mean AESD OABSS was 9.0 AE 2.36 points. At all time points evaluated throughout the study, there were significant decreases in OABSS compared with baseline (P < 0.001) and all the mean decreases observed were larger than the MCIC (Figure 3 ). At the time of the final assessment, mean AESD decrease in OABSS was -4.1 AE 3.4.
Of the 133 patients who achieved an MCIC within ≤1 year, 117 (88.0%) also satisfied the criteria for an MCIC between 1 and ≤2 years ( Figure 4 ). Of these, 80 of 89 (89.9%) patients subsequently satisfied the criteria for an MCIC after >2 years.
| Persistence
According to the Kaplan-Meier method, overall treatment persistence rates were 65.8%, 52.9%, and 46.7% after 1, 2, and 3 years of mirabegron treatment, respectively (Figure 5a ). During the observation period, 896 (78.7%) patients discontinued or dropped out from the study ( Results were then stratified according to age. In the ≤64 years age group, 1-, 2-, and 3-year persistence rates were 59.8%, 48.6%, and 46.3%, respectively; in those aged 65-74 years, the corresponding rates were 67.5%, 56.0%, and 48.4%, whereas for those aged ≥75 years the rates were 66.7%, 52.3%, and 45.9%, respectively (Figure 5b) . Patients who were ≤64 years of age were more likely to discontinue treatment during the earlier phases of the study compared with the other 2 age groups. However, no significant differences were noted among the age groups in the overall persistence rates (log-rank test, P = 0.297). In all, 195 of 231 (84.4%), 294 of 384 (76.6%), and 407 of 523 (77.8%) patients in the ≤64, 65-74, and ≥75 year age groups discontinued or dropped out from the study (Table 5 ). In all age groups, the most common reason for discontinuing the study for the patients who discontinued or dropped out was unchanged or aggravated symptoms (29 [ respectively). However, the proportion of patients who discontinued from the study due to the onset of AEs was higher in the ≥75 years Data are shown for the safety analysis set and are given as n (%). Data are shown for the safety analysis set and, unless indicated otherwise, are given as n (%).
A
The ADR was reported by the investigator as a "gastrointestinal symptom" with specific symptoms unknown.
age group (41 patients; 10.1%) than in the ≤64 and 65-74 years age groups (7 [3.6%] and 17 [5.8%] patients, respectively).
Similar persistence rates at 1, 2, and 3 years were observed in men (65.9%, 51.3%, and 43.4%, respectively) and women (65.7%, 54.9%, and 51.1%, respectively; log-rank test, P = 0.365; see Figure S1a , available as Supplementary Material to this paper). In total, 435 of 564 (77.1%) men and 461 of 574 (80.3%) women discontinued or dropped out from the study (Table S1 ). For both sexes, the most common reason for discontinuing the study for the patients who discontinued or dropped out was unchanged or aggravated symptoms.
However, a higher incidence was observed in men than women Patients who received combination therapy had significantly higher persistence rates at 1, 2, and 3 years (84.8%, 76.9%, and 58.4%, respectively) than those who received monotherapy (64.6%, 50.9%, and 46.2%, respectively; log-rank test, P = 0.007; Figure S1b ). Overall, 815 of 1023 (79.7%) patients receiving monotherapy and 42 of 66 (63.6%) receiving combination therapy discontinued or dropped out from the study (Table S2 ). Similar to the overall safety analysis set, the most common reason for discontinuing the study for the patients who discontinued or dropped out was unchanged or aggravated symptoms in the monotherapy group (141 patients; 17.3%), whereas in the combination therapy group, which had a smaller number of patients, the most common reason for discontinuing the study was the onset of AEs (6 patients; 14.3%).
| DISCUSSION
The present study is the first to examine the safety, efficacy, and persistence of mirabegron therapy over a 3-year period in the real-world 22 who were diagnosed with OAB using the OABSS and were evaluated at baseline and at the final assessment using the OABSS, with no missing data setting. Importantly, the safety results obtained in this study indicate The safety findings from this study showed that mirabegron was well tolerated. Similar safety profiles were observed for mirabegron in previous studies that evaluated the safety of 1 year of mirabegron treatment. 11, 23 Interestingly, an annual classification system showed that the incidence of ADRs actually decreased year on year during the present study. In support of this finding, no cumulative events and no delayed specific ADRs were observed during the study. The most common ADRs in this study were constipation, residual urine volume increased, and dysuria. This finding is supported by previous realworld Japanese studies that have investigated the safety and efficacy of mirabegron. 10, 24 In general, no significant increases in residual urine volume were noted in this study. However, because increases in residual urine volume are associated with urinary tract infections, 25 physicians must continue to monitor patients on a regular basis.
Mirabegron was considered to be an effective treatment for most patients over the 3-year study period. More than half the patients achieved an MCIC and experienced OAB disappearance. Similar efficacy findings were observed in a 12-week post-marketing survey that has also been conducted as part of the mirabegron surveillance program. 10 In the present study, significant improvements in OABSS were noted from the first time point evaluated and were maintained throughout the rest of the 3-year study period. Similar OABSS results have also been observed in a 2-year post-marketing solifenacin study. 26 In addition, the OABSS findings from the present study are supported by the efficacy results from previous 1-year Phase III mirabegron trials, which also noted significant improvements in efficacy from the first time point onwards. 11, 23 We believe that the present study is the first to demonstrate that approximately 90% of patients who achieved an MCIC following 1 year of mirabegron therapy continued to satisfy the criteria for an MCIC after a further year of treatment. These data suggest that mirabegron treatment may not desensitize or downregulate β 3 -adrenoreceptors, a result that supports some of the findings from previous in vitro investigations. 27, 28 High treatment persistence results were noted with mirabegron throughout the present 3-year study. A persistence rate of 65.8% was observed after 1 year of treatment with mirabegron, which is higher than the 1-year rates of 12.2%-53.5% that have been typically reported in previous mirabegron studies. 14, 16, 17, [29] [30] [31] [32] [33] [34] The higher rates in the present study may be due to differences between Japan and other countries in terms of healthcare systems, although some of the 1-year studies were conducted in Japan. 17, [30] [31] [32] Alternatively, the differences may reflect the prospective study design used herein, which may have favorably affected patient attitudes and involved frequent clinical consultations. However, a minority of the 1-year studies also involved a prospective study design. 29, 31 In agreement with the findings of the present study, high 1-year persistence rates of 63% and 70.9% were observed in a retrospective Japanese study 35 and a prospective Czech study. 36 In addition, 2-and 3-year persistence rates of 56% and 52%, respectively, were reported in the Japanese investigation, 35 a finding that corresponds with the results of the present study (52.9% and 46.7% at 2 and 3 years, respectively). Our investigation also showed that out of the patients who persisted with mirabegron therapy over the first year of treatment, most persisted with treatment over the rest of the study. This may reflect the high MCIC rate over time and the low rate of ADRs in this study. It is vitally important to explore why patients with OAB tend to discontinue medication because good adherence to drug therapy is known to be associated with positive health outcomes. 37 The most common reason for discontinuing from the present study was unchanged or aggravated symptoms. Although direct comparisons are inappropriate, this finding is broadly consistent with previous mirabegron studies that have evaluated persistence in the UK and Japan. [29] [30] [31] [32] A treatment persistence rate of 46.7% was noted after 3 years of mirabegron treatment according to the Kaplan-Meier method. In contrast, 896 (78.7%) patients discontinued or dropped out from the study.
The difference between the 2 results stems from the methodologies used to calculate the results. Using the Kaplan-Meier method, only patients who stopped mirabegron treatment were defined as having a discontinuation event. Patients who were lost to follow-up or did not complete the survey were censored at the final administration.
Overall, the age and sex of the patients did not significantly affect the persistence results achieved over the study period. In support of the age findings from this investigation, a prospective multicenter study found that age did not have a significant effect on study discontinuation. 36 However, the present study showed that patients who were aged ≤64 years were more likely to discontinue treatment during the initial stages of the study compared with those in the other 2 age groups. This finding is in agreement with the results of several 1-year persistence studies, which found that older patients persisted with mirabegron treatment for a longer period of time than younger individuals. 16, 17, 33 Mixed results have been reported in previous 1-year persistence studies that have examined the effect of sex on discontinuation of mirabegron treatment. Two studies conducted in Canada and the Czech Republic showed that mirabegron persistence rates were higher in women than in men, 16, 36 whereas the reverse was found in 2 Japanese-and UK-based studies. 17, 33 The strengths of the present study are due to its wide-ranging nature. Post-marketing surveillance data can provide useful information and an opportunity to identify ADRs that did not occur during pre-marketing clinical trials. Unlike clinical trials, post-marketing studies can generate data from a representative sample of the population within a wide variety of real-world clinical settings. In addition, the heterogeneous population of patients observed in a post-marketing surveillance study is more representative of the real-world situation and can therefore provide a greater opportunity to detect specific risks associated with therapy. However, the present study does have some limitations that are primarily related to the observational nature of the investigation. In post-marketing studies, the onset of ADRs may be affected by various patient characteristics and concomitant medications, thereby making it difficult to determine their causal relationship with the study drug. Furthermore, this study only involved a single cohort of patients. No control or comparator group was used in the study and there was no randomization according to age or treatment group.
In conclusion, the present study demonstrated the safety, efficacy, and persistence of 3-year treatment with mirabegron in patients with OAB symptoms in the real-world clinical setting. Mirabegron treatment was well tolerated over the duration of the study; reported
ADRs were generally consistent with the known safety profile of mirabegron and no new safety risks were identified from this surveillance. Mirabegron was an effective treatment with early improvements in OABSS that were maintained over the 3-year treatment period. High persistence with mirabegron treatment was observed; approximately two-thirds of patients were persisting with treatment after 1 year and almost half were still receiving mirabegron after 3 years.
